The objective of this study was to analyze the factors associated with functional decline and improvement in a community-dwelling population of people aged 75 years and older. A representative sample of elderly people living at home in the city of Sherbrooke (Quebec, Canada) was assessed yearly on three occasions (1991)(1992)(1993) by a nurse. A health questionnaire, together with standardized instruments measuring disabilities, cognitive status, and depressive mood, was administered on the three assessments. From the 655 subjects who agreed to participate, a total of 504 subjects completed the study. The most important factors associated with functional decline were the number of days off regular activities (odds ratio (OR) = 1.31), the number of hot meals per day (OR = 1.59), and cognitive status (OR = 0.96), whereas weight loss (OR = 0.37) and living alone (OR = 0.54) were significant protective factors. Previous declines in functional autonomy, cognitive state, or mood were not independent risk factors. The most important factors associated with functional improvement were the disability score (OR = 1.08), previous functional decline (OR = 6.06), and decline in the disability score (OR = 1.09). Perceiving health to be worse than it was the previous year was a significant factor against improvement (OR = 0.24). This study identifies risk factors that can be helpful for targeting high-risk subgroups within the very elderly population who may benefit from a preventive program. Am J Epidemiol 1999; 150:501 -10. disability evaluation; disabled persons; longitudinal studies; rehabilitation; risk factors; self care
Elderly people aged 75 years and older constitute 7 percent of the population in Europe and 5 percent in North America. People in this age group are prone to disability, and a significant proportion of life expectancy after 75 years of age is spent with disabilities. Katz et al. (1) in 1983 estimated that for women, only 6.1 years of the 13.2 expected years of life are disability free and, for men, 3.1 of 9.6 years. During the 20th century, life expectancy from birth has shown an increase of 28 years, but this improvement in survival could simply have led to a higher incidence of chronic and disabling diseases (2) . Studying the relation of possible risk factors to functional decline can help clarify this possible paradox and improve strategies for prevention.
In a previous paper (3), we reported the annual incidence of functional decline in people over 75 years to be around 12 percent with a death rate of 6 percent. The annual incidence of improvement among disabled individuals lies between 7.5 percent and 17.9 percent. These percentages confirm not only that functional decline is a very important health problem in this aged population but also that this phenomenon is not irreversible. Age is a very important factor associated with death or functional decline but not with improvement, thus emphasizing that old age is not a reason per se to be pessimistic about the potential for recovery. Sex is strongly associated with death rate, men being 2.5 times more likely to die than women. However, sex seems to have little effect, if any, on the incidence of functional decline or improvement. Age and sex are not modifiable, but many other social and health factors are amenable to change. It is thus important to study the influence of such factors on functional changes.
Many longitudinal studies have analyzed the factors associated with death and functional decline. The following factors have been identified: being unmarried (4-6); lack of social support (6); Black race (5, 7); low economic level (4, 5, 8) ; low education (4, 5, 9) ; baseline disabilities and physical limitations (6, 7, 10, 11) ; poor health status (6, 8) ; diabetes (5, 12) ; neurologic disorders (5, 12, 13) ; hypertension (9) ; arthritis (5, 9, 13) ; cardiovascular (9) , visual (5, 12, (14) (15) (16) , and hearing (12, 14, 15) impairments; multiple falls (12, 17) ; cognitive impairment (6, 12, 14) ; sedentary life style (5); high or low body mass index (9, 12, 18) ; depressive mood (12, 14, 19) ; and feeling of usefulness (8) . Wolinsky et al. (7) proposed a two-stage modeling approach that considers the variation in functional ability as a predictor of future changes. In their study, the dynamic model significantly improves the static one and shows that deterioration in Instrumental Activities of Daily Living functioning is a strong predictor of future decline. These results were confirmed by Guralnik(ll).
Very few studies have analyzed the factors associated with regaining independence. Only Sauvel et al. (14) identified good vision and the absence of cognitive impairment as significant factors.
The objective of this paper is to analyze the social and health factors associated with functional decline and improvement in a community-dwelling cohort of people aged over 75 years who were followed for 2 years with three measures of their autonomy at yearly intervals. These three measures allow the application of the two-stage model proposed by Wolinsky et al. (7) and verification of the influence of the former variation in functional ability on subsequent change, in addition to other factors measured at baseline and at the second interview.
MATERIALS AND METHODS

Population and procedure
This is a longitudinal study of a representative sample of elderly individuals over 75 years old, followed for 2 years with three assessments: baseline in 1991 (Tl), after 1 year (T2), and after 2 years (T3). Subjects were individuals over 75 years old, living in the community at Sherbrooke, Quebec, Canada, a small city of 75,000 inhabitants. From the electoral poll, all subjects born between July 29 and November 24, 1916, and before were selected. Details on data collection and procedures can be found elsewhere (3). In summary, interviews were performed by one of three trained research nurses. During the baseline interview, the Functional Autonomy Measurement System (SMAF) was administered together with a questionnaire on health and social factors, a test for cognitive status (the Modified Mini-Mental State Examination), and a questionnaire on depression (the Geriatric Depression Scale). One year later, at the second interview, the Functional Autonomy Measurement System, the Modified Mini-Mental State Examination, and the Geriatric Depression Scale were administered together with a questionnaire on health care utilization during the preceding year. Finally, after 2 years, the Functional Autonomy Measurement System was administered for the third time.
Instruments
The Functional Autonomy Measurement System is a 29-item scale developed according to the World Health Organization classification of disabilities (20) . It measures functional ability in five areas: Activities of Daily Living (seven items), mobility (six items), communication (three items), mental functions (five items), and Instrumental Activities of Daily Living (eight items). Each item is scored on a four-point scale from zero (independent) to three (dependent) for a maximum score of 87. An increase in score represents a decrease in functional ability. The Functional Autonomy Measurement System must be administered by a trained health professional who scores the individual's functional ability after obtaining the best information available by questioning the subject and proxies, by observing, and even by testing the subject. An interrater reliability study on each item showed mean Cohen's weighted kappas of 0.75 (21) . Another reliability study carried out recently showed that the intraclass correlation coefficients for total Functional Autonomy Measurement System scores were 0.95 (95 percent confidence interval (CI): 0.90, 0.97) for testretest (n = 39) and 0.96 (95 percent CI: 0.93, 0.98) for interrater reliability (n = 45) (22) . Validity was tested comparing the Functional Autonomy Measurement System score to the nursing time required for care (r = 0.88) (21) . Discriminant validity has also been verified by distinguishing disability between residents living in settings of different levels of care (23) . Using both an internal method and external criteria, the minimal metrically detectable change of the Functional Autonomy Measurement System score has been established to be five points. Thus, functional decline has been defined by an increase of five points or more in the Functional Autonomy Measurement System score, improvement has been defined as a decrease of five points or more, and stability has been defined as a Functional Autonomy Measurement System score between -4 and +4 (24) .
The (30) . The reliability and validity of the Geriatric Depression Scale in elderly subjects have been demonstrated in several studies, both in the original version and in the French translation (31) (32) (33) (34) (35) .
The health questionnaire administered at the first interview includes the following items: marital status; schooling; residence (including satisfaction with); self-reported health; number of days off from regular activities (in the past month); number of days in the hospital (in the past year); a list of diseases with a severity index; nutritional status (weight, loss of weight, number of hot meals eaten per day); falls (during the past year); current medications; consultations with health professionals (during the past month); life events during the past year (moving, illness, death of the spouse, illness or death of a relative) and stress associated with them; social support (living alone, number of friends and intimates, availability of help); and income (amount and satisfaction with). The questionnaire administered at the second interview covered the following items: self-reported health (compared with last year) and utilization of health services (hospitalizations, home care services, and so on). For the purpose of the analyses, some indexes have been generated from these questionnaires. An index of stress associated with life events was developed, combining for each of the five life events the intensity of stress on a four-point scale from one (not stressful) to four (extremely stressful). A score of zero was attributed when an event had not occurred. This life-event index ranges from 0 to 20. A 45-point morbidity index was constructed adding, for each of the 15 diseases or categories of disease, the score on a severity scale: zero (do not have that kind of trouble), one (have it but does not bother me), two (have it and bothers me a little), and three (have it and bothers me a lot).
Analysis
The sample is described according to sociodemographic data, health status, and scores on standardized instruments using frequency, mean and standard deviation, and median and interquartile interval (for variables not normally distributed). To analyze the factors associated with functional transitions, subjects who declined or improved were compared with those who remained stable, using the independent t test, chisquare, and Mann-Whitney U test (corrected for ties). For the functional changes in the first year, all the variables collected at the baseline interview were included. For the second year, the analysis included the basic sociodemographic data; data from the health questionnaire, the Functional Autonomy Measurement System, the Modified Mini-Mental State Examination, and the Geriatric Depression Scale administered at the second interview; and the changes from the baseline to the second interview on the Functional Autonomy Measurement System, the Modified Mini-Mental State Examination, and the Geriatric Depression Scale. The global functional change (decline, improve, or stable) that occurred in the first year was also included. For each variable, an unadjusted odds ratio was calculated, together with the 95 percent confidence interval, using logistic regression. For variables significantly associated with functional transition (p < 0.10 on the Wald test), an adjusted odds ratio was calculated including all the significant variables into the model. This last analysis was performed only to give an indication of the strength and independence of the association and not to test an underlying causal model. All the p values reported are two sided. Analyses were carried out using SPSS for Windows (release 6.0; SPSS, Inc., Chicago, Illinois).
RESULTS
From the 842 eligible subjects, 187 refused to participate in the study, 83 dropped out, and 68 died during the 2 years of the study, leaving 504 subjects for the analysis. There were 164 men and 340 women, with a mean age of 79.9 years (standard deviation, 3.9). The biases associated with refusal and drop-out in this study were analyzed and discussed elsewhere (3, 36) . In summary, refusers were not significantly different from participants on age, sex, answers to a 21-item postal health questionnaire, and 1-year mortality rates (36) . Drop-out subjects were mostly men who were, at the baseline interview, in better health than participants (3) .
During the first year, among the 572 subjects interviewed at baseline, 115 (20.1 percent) presented functional decline, 27 (4.7 percent) improved, and 43 (7.5 percent) died. Table 1 subjects who improved during the first year, reducing the power of the analysis on such a small sample size. Table 3 shows the factors associated with improvement during the second year (n = 62). Age (OR = 1.07), hospitalization during the first year (OR = 1.54), falling during the first year (OR = 1.89), receiving home nursing care (OR = 4.26), disabilities (OR = 1.07) in either Activities of Daily Living (OR = 1.15) or Instrumental Activities of Daily Living (OR = 1.14), cognitive status (OR = 0.97), depressive mood (OR = 1.05), declining during the first year (OR = 9.53), increasing in disabilities (OR = 1.10), and decreasing in cognitive status (OR = 0.95) during the preceding year were significantly associated with functional improvement. Living alone (OR = 0.53), a high income (OR = 0.63), and serf-rating health as worse than last year (OR = 0.24) were negatively associated with improvement In the adjusted analysis, only the self-perceived rating of health (OR = 0.24), disabilities (OR = 1.08), functional decline during the first year (OR = 6.06), and increase in disability score (OR = 1.09) during the first year are independent factors associated with improvement.
DISCUSSION
This study was carried out on a representative sample of community-dwelling elderly subjects aged over 75 years. Selection bias was minimal, given the low refusal and drop-out rates, together with the absence of important differences between those and participants. Three assessments at yearly intervals allowed for analysis of each year separately with a relatively small interval, as compared with previous longitudinal studies conducted on this topic. Measurement of disabilities was carried out with a validated instrument developed according to the World Health Organization classification of disabilities (20) . The assessment of disabilities was completed by a trained nurse using a rating scale rather than a questionnaire. Functional transitions were defined (±5 points on the disability scale) in considering measurement error, hence minimizing the chance of finding spurious associations due to regression to the mean. Many sociodemographic and health variables were collected, including specific testing for cognitive status and depression. The three measurements allowed for verification of a dynamic model involving the previous decline as a risk factor. For comparisons with other studies reported in the literature, it is more appropriate to use an unadjusted odds ratio, since adjusted odds ratios are dependent upon the variables measured in the study and, apart from basic sociodemographic data, the variables included in the other studies are very different. For example, cognitive status was measured in only five studies (6, 10, 12, 14, 37) , and the relation to functional decline or improvement is reported in only three of those (6, 12, 14) . Depression was measured with a standardized questionnaire in only three studies (12, 14, 19) .
Living alone was a "protective factor" in the present study. This association may seem surprising at first glance. It contradicts the myth of elderly people living alone as a risk factor for functional decline (38) . In our study, people living alone were more independent (p < 0.001), and living alone was associated with a significant reduction in the risk of functional decline over time, even after adjusting for other factors through logistic regression analysis. Living alone could be acting as a proxy for good health at this age rather than as a risk factor. In three American studies (6, 7, 39) , living alone was associated with a significant risk of being institutionalized. This could be consistent with our results, because institutionalization is dependent upon functional decline and also upon the availability of social support and home care. Although living alone is a factor for remaining independent, once functional decline occurs, it may then increase the likelihood of choosing institutionalization in order to deal with functional decline, because of lack of social support. However, the Longitudinal Study on Aging (5) found a significant risk of functional decline per se associated with living alone. In the same study, a low economic level was also associated with functional decline, hi contrast, in the Aberdeen Survey done in the United Kingdom (40, 41) , living alone was associated with fewer chronic conditions and better health. It can then be hypothesized that this factor is country specific and related to the particular social and health care system, including the availability of institutional facilities.
Other factors associated with functional decline in the present study had also been reported previously:-low education (4, 5, 9) , low health status (6, 8) , baseline disabilities (6, 7, 10, 11) , and depression (12, 14, 19) . Cognitive disability was also reported to be associated with functional decline (6, 12, 14) , but the strength of the association observed in the present study is striking. Cognitive status remained significant even in the adjusted analyses for both years (OR = 0.96). It means that, for every 10-point decrease in the Modified Mini-Mental State Examination score, the risk of functional decline increases by 33 percent.
Falls were related to functional decline. Only Dunn et al. (17) reported that multiple falls were associated with functional decline, but they are a well-known clinical risk factor in geriatric medicine. However, they had been related to death more than to functional decline. Gryfe et al. (42) and Wild et al. (43) in retrospective studies showed a higher incidence of falls in the months preceding the death of elderly individuals, confirming the so-called "premonitory fall" (44) and "post-fall syndrome" (45) . In the present study, falls were not related to death but only to functional decline.
Nutritional indexes are more difficult to interpret, since the relation to functional decline found in the present study was in the opposite direction than expected. Reporting having lost weight was a protective effect, even in the adjusted analysis. This association is caused by a relatively low number of decliners (6/115; 5.2 percent) reporting having lost weight in the past weeks. For five of those six subjects, the weight loss can be qualified as excessive according to the guidelines proposed by Blackburn et al. (46) . Among the 48 subjects remaining stable who reported a weight loss, only 28 presented an excessive weight loss (58 percent). Although the difference between these two proportions is not significant, it indicates that weight loss in the stable group was less important than in the declining group. With the data available, the body mass index cannot be calculated. Harris et al. (9) showed that a body mass index over the 75th percentile is a risk factor for functional decline. Galanos et al. (18) and Tinetti et al. (12) found that either a high or a low body mass index was a risk factor for functional decline. The reverse association observed with weight loss in the present study can simply be the effect of weight gain's being a risk factor. This would also be consistent with the fact that the number of hot meals per day is a strong risk factor for functional decline in the present study. The number of hot meals per day was correlated (r = 0.14) with disability for cooking, that is, the more disabled people were, the more hot meals they ate (prepared by someone else, of course!). This phenomenon combined with a sedentary lifestyle induced by disabilities can produce weight gain and accentuate functional decline. Wallace and Colsher (47) also reported the association of high body mass with functional decline. This association of nutritional factors with functional decline needs closer examination in longitudinal studies.
Functional decline in the previous year was associated with further decline in the unadjusted analysis but lost significance when adjusted for other risk factors. This contradicts the dynamic model proposed by Wolinsky et al. (7) from the Longitudinal Study on Aging. In fact, they applied this model to predict institutionalization and death, showing that previous decline is a strong and independent predictor of both events. If institutionalization is utilized as a proxy for functional decline, our data do not support this hypothesis. However, cognitive decline in the previous year was associated with further functional decline in the present study.
Some negative results also need discussion. The number of major life events and the stress associated with them were not related to any functional transitions. In fact, none of the longitudinal studies reviewed reported life events as risk factors. However, in a controlled study, Murphy (48) demonstrated the relation of major life events with social and health problems in the elderly. This was not confirmed by our data. The number of medications taken per day is a classic geriatric risk factor. Taking more than three medications a day has been associated with noncompliance (49) and an increased incidence of adverse effects (50, 51) . Finally, neither the number of diseases nor the severity of diseases was associated with functional decline. In the very elderly population, the type and number of diseases seem to be less crucial for further functional status than the disabilities induced by the diseases. This emphasizes the importance of functional diagnosis in this population. This study did not support previous findings of relations between diabetes (5), neurologic diseases (5, 13), hypertension (9), arthritis (5, 9, 13), and cardiovascular diseases (9) and functional decline. In the present study, none of those diseases was associated with an increased risk of functional decline. Only asthma and bronchitis and visual and hearing impairments were associated with an increased risk of functional decline. Those risks were also reported by Mor et al. (5) The factors associated with improvement in the present study were not living alone, low income, selfperceived health worse than last year, number of days in the hospital, home nursing care, number of falls, greater disability, depressive mood and cognitive impairment, and cognitive and functional decline in the previous year. Most of these factors are related to the fact that these improving people were sick previously, and that the improvement is associated with recovery from an impairment. The relation with hospitalization and home nursing care gives some indication that the management of these patients by the health care system was effective. The association with cognitive ability is very interesting. Cognitive impairment and previous cognitive decline were associated with improvement in the unadjusted analysis. This indicates that cognitive problems are not necessarily associated with bad prognosis as suggested by Sauvel et al. (14) from the French PAQUID Study. In the last study, good vision was also associated with improvement, but the data from the present study do not support this hypothesis. In summary, the probability of improvement is associated with previous functional disability, bad health, and more health services utilization.
Potential limitations to this study are noted. First, the sample size of the study was sufficient to detect a moderate standardized difference of 0.5 (52) with 80 percent power at the 0.05 significance level for functional decline in the first year (n = 115). For functional decline and improvement in the second year (n =71 and 63, respectively), the sample sizes were sufficient enough only to detect a large effect size (standardized differences of 0.66 and 0.72, respectively). This could explain some of the negative results. Second, some independent variables were crudely measured, especially nutritional status. Determination of body mass index and change of this index in the last months could have been useful to verify if weight gain is associated with functional decline. Measurement error in some sociodemographic and health data could have resulted in residual confounding. Finally, some of the variables measured at the baseline interview were not included in the analysis for the second year since they were unfortunately not collected again at the second interview (e.g., number of friends, life events, medications, diseases), and it cannot be assumed diat they were unchanged 1 year later. However, the main objective of the second year analysis was to verify the dynamic hypothesis relating functional transitions to previous functional changes.
In conclusion, this study identifies many risk factors for functional decline in the very elderly population.
Even if most of them are not modifiable, they can be helpful for identifying high risk groups toward which preventive programs should be directed (53, 54) . One of them, depressed mood, can be amenable to treatment. This study underlines that traditional morbidity indicators (number and severity of diseases) are not important in the very elderly population. Cognitive impairment, on the other hand, is a very strong predictor of functional decline. Previous functional decline and cognitive impairment are not necessarily indexes of bad prognosis, and improvement can be observed in spite of these factors.
